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Vestimentiferan on a Whale Fall
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Discovery of chemosynthetic communities associated
with whale bones led to the hypothesis that whale falls
may serve as stepping-stones for faunal dispersal between
disjunct hydrothermal vents and cold seeps on the ocean
floor (I). The initial observation was followed by a faunal
inventory that revealed a diverse asseimblage of microbes
and invertebrates, supported by chemoautotrophic pro-
duction, living in close proximity to whale remains (2,
3). To date. the conspicuous absence from whale falls of
vestimentiferan wbeworms (a predominant constituent of
eastern Pacific vent and seep habitats) has been a major
objection 10 the stepping-stone hypothesis (4-5). We re-
port the first evidence of a vestimentiferan tubeworm as-
sociated with a whale fall (Fig. ). The wbeworm, Es-
carpia spicata, was identified by morphological criteria
and DNA sequence data from a portion of the mitochon-
drial cytochirome oxidase C subunit I (COl) gene. Addi-
tionally, the bacterial endosyvmbiont in the tubeworm pos-
sessed a 16S rRNA gene that was similar to that of endo-
symbionts from vestimentiferans in sedimented cold-seep
environments.

A chemosynthetic community associated with whale
bones in the Santa Catalina Basin (SCB) oft southern
California (depth 1240 m. 33°12'N, 118°30"W) is the site
of ongoing ecological studies (1, 2). We revisited the SCB
site in May 1995 with the U.S. Navy's advanced tethered
vehicle (ATV dive #118) and tound a persistent commu-
nity composed of filamentous sulfur bacteria (Beggiatoa

Received 6 January 1997: accepted t6 January 1998.

* Current address: Diversa Corporation, 10665 Sorrento Valley Road.
San Diego. CA 92121

+ To whom correspondence should be addressed. E-mail: rfeldman@
diversa.com

16

sp.). vesicomyid clams (VesicomyalCalyptogena spp.).
mytilids (/das sp.), limpets (Pvropelta spp.. Cocculina
sp.). snails (Mitrella sp.). and polynoid polychaetes (Ba-
thykurila sp.). We also recovered a single vestimentiferan
tubeworm growing near the squamosal bone of the whale
skeleton (Fig. 1). The tubeworm was collected and pre-
served in 95% ethanol once aboard the support ship. The
worm was initially identified as Escarpia spicata on the
basis of diagnostic morphological teatures (6). most nota-
bly the central, slightly curved spikelike structure on the
obturacular face.

DNA sequence information from a mitochondrial
gene verified the identity of the SCB specimen. A 639-
bp portion of the COl gene from the SCB vestimentif-
eran was identical to that of an Escarpia spicata individ-
ual sampled from cold seeps (Transform Fault) in the
Gulf of California (Table I). The COI sequence of the
SCB specimen differed by 0.32% trom those of Escarpia
spicata from hydrothermal vents (Guaymas Basin) in
the Gulf of Calitornia (Table 1). COI sequence differ-
ences less than 0.4% are consistent with intraspecific
levels of divergence in vestimentiferans (7). Intergeneric
COI sequence divergence in the Vestimentifera ranges
from 8.5%—-21.3% (7).

The bacterial endosymbiont from the SCB E. spicata
was phylogenetically compared to other endosymbionts
as part of a separate study (8). Sequence information from
a 1361-bp region of the 16S rRNA gene (Genbank acces-
sion number U77842) revealed that the endosymbiont is
amember of the gamma subdivision of the Proteobacteria.
The SCB endosymbiont was closely related (1.45% se-
quence divergence) to endosymbionts found in vestimen-
tiferans that live in sedimented seep localities: its relation-
ship to endosymbionts from vestimentiferans found in
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Figure 1. Skull bones of an 18-m baleanopterid skeleton, and associated chemoautotrophic community.
(a) A broad view of the skull region with the first recorded adult vestimentiferan (arrow) at a whale fall
(for scale, the squamosal bone in the right foreground is 80-cm long). The vestimentiferan plume (left) and
posterior end of the tube (right) are visible in the magnified image (b). This individual was morphologically
and genetically identified as Escarpia spicata. With the exception of Lamellibrachia columna, supplied by
C. Cary (Univ. of Delaware), the specimens examined in this study were collected during oceanic cruises
by one or more of the anthors. DNA was extracted nsing the hexadecyl-trimethyl-ammoninm bromide
(CTAB) technique, modified from Doyle and Dickson (12). For the amplification of the mitochondrial COl
gene; LCO1490: 5'-GGTCAACAAATCATAAAGATATTGG-3" and HCO2198: 5'-ACTAAAAAACCA-
GTGGGACTTCAAAT-3’ primers were nsed in standard conditions (13). To amplify symbiont and sequence
the 16S tDNA, we nsed the nniversal bacterial primers 27F and 1492R (14); 27F: 5'-AGAGTTTGATCM-
TGGCTCAG-3’, and 1492R: 5'-TACGGYTACCTTGTTACGACTT-3’ and a suite of internal primers (8).
PCR products were purified and quantified on a video imaging system (Fotodyne Inc.), 100 ng of pure
DNA was nsed as template for ABI Prism DNA sequencing reactions. The sequenced fragments were
electrophoretically separated and detected nsing a Perkin Elmer ABI 373A DNA sequencer.
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Table 1

Percent genetic distunces between the Escarpia spicata individual from the Santa Catalina Busin whale fall and related vestimentiferans for

639-bp portion of the mitochondrial COI gene

Collection Site'

Genetic Distance Matrix”

Substrate, Depth
Species Location Lat Long Community Type (m) Ref | 2 3 4 5
E. spicatu Guaymas Basin 27°35'N sedimented, 1653 7 —
111°28'W cold seep
E. spicata Guaymas Basin 27°00'N basaltic, vent Z0000) 7 0.32 —
111°25"W
E. spicata Santa Catalina Basin 33°12'N sedimented. 1240 this study 0.00 0.32 —
118°30'W whale fall
E. laminata W. Flonda 26°02'N sedimented. seep 3243 8 0.32 0.32 0.32 -
Escarpment 84°55'W
Lamellibrachia Lan Basin PRSBDLS sedimented. seep 1859 15 14.87 14.87 14.87 15.53 —
columna Hine Hina 176°43'W

" Summary of collection information for all specimens analyzed.

* Distances are based on the Kimura 2-parameter model (16). Genbunk accession numbers for these sequences are U74065, U74064, US4262.

U74063, and U74061.

deep-sea hydrothermal vent habitats was more distant
(4.5%).

Escarpia spicata occurs at cold-water sulfide seeps
along the Louisiana Slope (9). southern California (type
locality is Navy Fan. South San Clemente Basin) (6), Gulf
of California (7), and in solt sediments near hydrothermal
vents in the Guaymas Basin (7). Its presence in soft sedi-
ments near the Guaymas hot vents suggests that it may be
an opportunistic species with a wide tolerance for habitat
variation. Similarly, Lamellibrachia barhami is common
in cold seeps in the northeastern Pacific but also occurs
at new hot vents in Middle Valley (7). Vestimentiferan
adults are sessile, but their larvae are free-swimming and
may persist in the water column for as long as 3 weeks
(10). Additionally. allozyme studies reveal that vestimen-
tiferans have effective dispersal capabilities that maintain
genetic continuity across vast distances (11). The poten-
tial for long larval life spans and the opportunistic settling
habits of members of the Vestimentifera suggest that the
SCB whale site is probably within the dispersal range of
E. spicata larvae from the San Clemente Basin site.

The discovery of an adult vestimentiferan on the SCB
whale fall suggests that such falls can support the recruit-
ment and growth of at least one species of vestimentif-
eran. This finding, as well as the identification of seep
and vent vesicomyids on whale falls, is consistent with
the hypothesis that whale carcasses may serve as step-
ping-stones for seep and vent organisms (1). However.
other models of metapopulation dynamics should also be
considered, especially because we have not demonstrated
the presence of a reproductive population of E. spicata
on the SCB whale carcass. Careful analyses of the repro-

ductive potential and persistence of whale-fall fauna are
necessary to ascertain whether these animals contribute
to the propagation of chemosynthetic communities in the
deep sea. Alternatively, whale-fall fauna may represent
sink populations that are colonized from more stable che-
mosynthetic source communities at nearby seeps or vents.

Acknowledgments

We gratefully acknowledge the skillful collecting ef-
forts of the U.S. Navy advanced tethered vehicle pilots
and the logistical support of the Laney Chouest crew.
This is Contribution No. 98-11 of the Institute of Marine
and Coastal Sciences. Rutgers University. and New Jer-
sey Agricultural Experiment Station Publication No. 2-
67175-4-98, and SOEST Publication No. 4592 supported
by NOAA grant no. UAF-95-0040 to CRS, State funds
and by NSF grants OCE-89-17311, OCE-92-17026,
OCE-93-02205, OCE-95-29819, OCE-96-33131 and
NIH Grant PHSTWO00735-0]1 to RCV and RAL.

Literature Cited

t. Smith, C. R., H. Kukert, R. A. Whealcroft, P. A. Jumars, and J. W.
Deming. 1989.  Vent fauna on whale remains. Narure 341: 27-28.

. Bennett, B. A., C. R. Smith, B. Glaser, and H. I.. Mayhaum.
1994,  Faunal community structure of a chemoantotrophic assem-
blage on whale bones in the deep northeast Pacific Ocean. Mar.
Ecol. Prog. Ser. 108: 205-223.

3. Deming, J. W., A. L. Reysenbach, S. A. Macko, and C. R. Smith.
1997. Evidence for the microbial basis of a chemoaulotrophic
community on a deep-sea whale skeleton: bone colonizing and ani-
mal-associated symbionts. J. Micro. Res. Technol. 37: 162-170.

4. Tunnicliffe, V., and S. K. Juniper. 1990. Cosmopolitan under-
water fauna. Narure 344: 300.

o



6.

. Jelmert, A., and O.D. Oppen-Berntsen. 1996.

DEEP-SEA TUBEWORM

Whaling and
deep-sea biodiversity. Conserv. Biol. 10: 653-654.

Jones, M. L. 1985, On the Vestimentifera, new phylum: Six new
species, and other taxa, from hydrothermal vents and elsewhere.
Bull. Biol. Soc. Wash. 6: 117-158,

. Black, M. B., K. Halanych, P. Maas, W. R. Hoeh, J. Hashimoto,

D.Desbhruyeres,R. A.Lutz,andR. C.Vrijenhoek. 1997, Molecu-
lar systematics of deep-sea tube worms (Vestimentifera). Mar. Biol.
130: 141149,

. Feldman, R. A., M. B. Black, C. S. Cary, R. A. Luatz, and R. C.

Vrijenhoek. 1997. Molecular phylogenetics of bacterial endo-
symbionts and their vestimentiferan hosts. Mol. Mar. Biol. Biotech-
nol. 6(3): 272-281.

_ MacDonald, 1. R., J. S. Boland, J. S. Baker, J. M. Brooks, M. C.

Kennicutt, 11, and R. R. Bidigare. 1989. Gulf of Mexico hydro-
carbon seep communities. 11. Spatial distribution of seep organisms
and hydrocarbons at Bush Hill. Mar. Biol. 101: 235-247.

. Young, C. M., E. Vazquez, A. Metaxas, and P. A. Tyler. 1996.

Embryology of vestimentiferan tube worms from deep-sea methane/
sulphide seeps. Nature 381: 514-516.

ON

. Black, M. B., R. A. Lutz, and R. C. Vrijenhoek. 1994,

. Doyle, J. J., and E. Dickson. 1987.

. Lane, D. J. 1991.

. Southward, E. C. 1991.

A DEAD WHALE 119
Gene
flow among vestimentiferan tube worm (Riftia pachyptila) popula-
tions from hydrothermal vents of the eastern Pacific. Mar. Biol.
120: 33-39.

Preservation of plant samples
for DNA restriction endonuclease analysis. Taxon 36: 715-722.

. Folmer, O., M. Black, W. Hoeh, R. Lutz, and R. Vrijenhoek.

1994. DNA primers for amplification of mitochondrial cyto-
chrome C oxidase subunit T from diverse metazoan invertebrates.
Mol. Mar. Biol. Biotechnol. 3: 294-299.

168/23S rRNA sequencing, Pp. 115-175 in
Nucleic Acid Technigues in Bacterial Systematics, E. Stackebrandt
and M. Goodfellow, eds. John Wiley, Chichester.

Three new species of Pogonophora, in-
cluding two vestimentiferans, from hydrothermal sites in the Lau
Back-arc Basin (Southwest Pacific Ocean). J. Nat. Hist. 25: 859
881.

. Kimura, M. 1980. A simple method for estimating evolutionary

rates of base substitution through comparative studies of nucleotide
sequences. J. Mol. Evol. 16: 111-120.



